Absruact. The gross lesions in 23 young male Beagle dogs given daily oral doses of 0.2-3.0 nig/kg body weight ochratoxin A consisted of moderate to severe niucohemorrhagic enteritis of the cecum, colon, and rectum; tonsillitis; and enlargement of lymph nodes, which were edematous, hyperemic, and focally necrotic. Histopathologic alterations in the kidneys consisted of necrosis and desquamation of epithelial cells mainly in, but not limited to, proximal convoluted tubules. Many proximal and distal convoluted tubules contained eosinophilic, granular casts. Necrosis of lymphoid tissues was a prominent feature of the niycotoxicosis and focally occurred in, but was not limited to, germinal centers in the spleen, tonsils, thymus, and lymph nodes and the lymphoid nodules of the jejunum, ileum, cecum, colon, rectum and nictitating membrane. Necrosis did not occur in bone marrow. Hepatic alterations consisted of slight to moderate centrilobular necrosis and fatty change and occurred mainly in dogs receiving 0.2-0.3 mg/kg body weight ochratoxin A daily for 11-14 days.
In a companion paper [30] , we described the clinical and clinicopathologic features of ochratoxicosis in Beagle dogs. Ochratoxins, the principal one of which is ochratoxin A, are fungal metabolites first isolated from Aspergillus ochraceus [33] and later identified as metabolites of Penicillium viridicatum [34] and other members of the A . ochraceus group [13, 191 . The pathologic changes produced by ochratoxin A have been studied in the duckling [26, 32] , rat [23, 25, 27, 28, 321, chick [3, 10, 241 and trout 191. In the species studied, ochratoxicosis is characterized by renal and hepatic damage and alterations in the intestinal and lymphoid tissues. The severity of the lesions varies somewhat with species and dose of ochratoxin.
The present report describes the gross and microscopic pathologic alterations produced in dogs by either an ochratoxin-A-containing rice culture of A . ochraceus or commercial ochratoxin A.
Materials and Methods
Twenty-three 8-to 9-week-old male Beagle dogs were purchased (Laboratory Research Enterprises, Kalamazoo, Mich.). They were given daily oral doses of ochratoxin A either as a rice culture, which contained 1,600 ppm of the toxin, or pure commercial ochratoxin A (Makor Chemicals Ltd., Jerusalem) according to the schedule given in table 1. The dogs were housed, fed, examined and periodically bled for laboratory tests as previously described [30] . Eight dogs that died were necropsied within 2 h of death. Fifteen dogs were killed when moribund by the intravenous administration of barbiturates and exsanguination and were necropsied immediately. Six young male Beagles that served as controls were killed for necropsy at 13-14 weeks of age.
At necropsy, representative portions of most organs were placed in chilled neutral buffered 10% formalin. The fixed tissues were embedded in paraffin, sectioned at 6 pm and stained with hematoxylin and eosin. Sections from the medial retropharyngeal and mesenteric lymph nodes were also stained with a tissue Gram stain [20] . Fixed femoral bone Trial I  3  Trial I1  3  Trial I11  3  Trial IV  3  Trial V  2  Trial VI  3  Trial VII  3  Trial VIII  3 marrow from 18 dogs was examined after routine processing. Marrow was not available from five dogs, but sections of ribs and vertebrae, which contained marrow, were decalcified, processed as the other tissues and examined.
Formalin-fixed sections of liver and kidney from each dog were processed in potassium dichromate, stained with Sudan IV for neutral lipids [21] and examined. Sections of kidney were also stained with the trkhrome method 1201. In trials IV and V blocks of liver from test and control dogs were fixed in absolute alcohol and processed with a carmine dye method 1201 for the evaluation of glycogen content.
Results

Gross Pathology
Mucohemorrhagic enteritis, enlarged lymph nodes and dehydration were the principal findings at necropsy of dogs that received ochratoxin A. In affected parts of the intestine the mucosa was dark red and covered with mucus. The changes were most severe in the terminal ileum, cecum, colon and rectum ( fig. l ), but similar changes occurred in the jejunum and ileum ( fig. 2 ) of 11 dogs and in the duodenum of two dogs (trials I and 11). The enteritis was severe and involved most parts of the intestinal tract in the dogs that received the largest doses of ochratoxin A (trials I, I1 and VIII). In these dogs, petechial and ecchymotic hemorrhages were seen on the serosal surface of the terminal ileum, cecum, colon and rectum. The necrotic Peyer's patches were dark red ( fig. 2 ) and were prominent on both the serosal and mucosal surfaces.
The mesenteric lymph nodes were enlarged, edematous and hyperemic in all dogs ( fig. 1 ). Lymph nodes that are ordinarily quite small and not usually noticed at necropsy were obvious. The popliteal lymph nodes were also prominent because of enlargement, edema and hyperemia. The medial retropharyngeal lymph nodes were up to 5 cm long in some treated dogs ( fig. 3 ) but in control dogs they never exceeded 3 cm. The cut surfaces of many nodes had focal yellow areas of apparent necrosis ( fig. 3 ).
The tonsils of all treated dogs were hyperemic, protruded from the crypts and had tan to yellow foci. In two dogs the spleen contained multiple white foci, 3-4 mm in diameter.
An additional finding in treated but not in control dogs was bilateral mucopurulent ocular discharge. The lymphoid follicles on the interior aspect of the nictitating membrane were prominent and hyperemic in these dogs.
The livers of test dogs appeared normal and were similarto those of the controls. The kidneys of 12 treated dogs differed from the kidneys of control dogs in that they were pale tan. Other organs and tissues were considered normal.
S Z C Z E C H / C A R L T O N / T U l T E Histopathology
Intestine
All test dogs had a dense covering of mucus and necrotic debris on the mucosa of the colon. Focal erosion and ulceration of the colonic mucosa and niucosal hemorrhages were accompanied by necrosis of the lymphoid nodules in the submucosa ( fig. 4 ). Pyknosis, karyorrhexis, and cytolysis involved the cells of the submucosal lymphoid tissue including, occasionally, the germinal centers. Necrosis also occurred, however, in the lamina propria and the epithelium of the intestinal mucosa. In some regions necrosis extended from the submucosal lymphoid tissue to involve the entire mucosa; whereas in other regions necrosis was limited to the submucosal lymphoid tissue. These alterations of mucosal and lymphoid tissue necrosis were prominent in the terminal ileum, cecum and rectum in all test dogs. Mucosal hemorrhages and necrosis of submucosal lymphoid tissue occurred in the duodenum, jejunum and proximal ileum of the dogs of trials I, I1 and VIII, but these changes were mild or did not occur in dogs that received smaller doses of ochratoxin A (trials 111-VII). Small necrotic foci and single-cell necrosis occurred in the submucosal lymphoid tissue of the duodenum in four of the 14 dogs of trials 111-VII. Necrosis of submucosal lymphoid tissue and the adjacent lamina propria was seen in the jejunum of eight dogs (trials 111 to VII), and in nine dogs (trials 111-VII) similar changes were found in the ileum. With smaller doses of ochratoxin A (trials 111-VII), necrosis was usually limited to lymphoid tissue of the submucosa and was never extensive.
Kidney
Necrotic and degenerative changes were seen in the epithelial cells of the proximal convoluted tubules of test dogs. Necrotic tubular epithelial cells were characterized by nuclear pyknosis, karyorrhexis and karyolysis and by cytolysis and separation of the epithelium from the tubular basement membrane ( fig. 5 ). Debris and granular eosinophilic casts were present in the lumens of many convoluted tubules ( fig. 6 ). Necrotic renal epithelial cells were occasionally observed in Henle's loop and in collecting ducts. Tubules were not dilated nor was lipid present in the tubular epithelium. The glomeruli and other parts of the nephron were normal. No degenerative vascular changes were noted.
Lymphoid Tissue
Edema, congestion and necrosis were seen in lymph nodes including the medial retropharyngeal, mesenferic, popliteal, axillary, renal, colonic, gastric Fig. 5 . Kidney from Beagle dog given daily dose of 0.2 mg/kg body weight ochratoxin A as rice culture (trial V). The necrotic epithelium of several convoluted tubules has separated from the tubular basement membrane. HE. and hepatic nodes. Enlargement of lymph nodes was caused by edema and sinusoidal dilatation. Although necrosis of germinal centers was an occasional finding, the predominant change was confluent areas of necrosis that included primary nodules, medullary cords, trabeculae and reticuloendothelial cells ( fig. 7) and that frequently obliterated normal nodal architecture. Necrosis was most extensive in the lymph nodes of dogs of trials I, I1 and VIII but occurred in all test dogs. Bacteria were not observed in lymph nodes stained with the tissue Gram stain.
The lymphoid tissue on the interior aspect of the nictitating membrane was focally necrotic. Larger areas of necrosis occurred in the tonsils of test dogs. Small foci of necrosis, which occasionally involved germinal centers, and foci of cytolysis were seen in the thymus of some test dogs. These changes again were more severe in dogs that received the largest doses of ochratoxin A (trials I, TI and VIII).
Necrosis of lymphoid tissue in the spleen was usually mild and, although varying in severity, occurred in the nine dogs of trials I, I1 and VIII and in nine of the 14 dogs of the other trials. Pyknosis and karyorrhexis were seen in the nuclei of lymphocytes of the primary nodules and, occasionally, in those of the germinal centers; however, necrosis did not involve large areas or the adjacent non lymphoid tissues ( fig. 8 ). Lymphoid depletion was indicated by a paucity of primary nodules and was seen in the spleens of most of the test dogs.
Bone Marrow
The bone marrow of the test dogs was stimulated, and the number of myeloblastic cells was increased, but erythrocyte precursors were present in normal numbers. Necrosis was not seen.
Liver
Moderate cytoplasmic vacuolation of hepatocytes in the center of lobules and sinusoidal dilation were the principal histologic features observed ( fig. 9 ). Slight to moderate accumulation of neutral lipids occurred in centrilobular and midzonal hepatocytes. Lipid accumulation was more extensive in dogs that received the smaller doses of ochratoxin A (trials III-VII) and survived for 10-14 days. Hepatic cell necrosis was extensive in six dogs (trials I11 and IV), but more typically foci consisted of one to several necrotic hepatocytes ( fig. 9 ) that were seen in 12 dogs including at least one from each trial. A few to several neutrophils were often associated with the necrotic foci. Glycogen was almost totally depleted in the livers in four of the five dogs tested (trials IV and V). There were neither biliary nor vascular changes.
Other Tissues
Tissues that were considered histologically normal included eye, skin, tongue, salivary gland, esophagus, thyroid gland, brain, spinal cord, sciatic nerve, aorta, trachea, lung, heart, skeletal muscle, diaphragm, adrenal glands, stomach, pancreas, gall bladder, testes, urinary bladder and prostate gland.
Discussion
Poisoning by ochratoxins causes renal and hepatic damage in most species and enteritis in some [18] . Enteritis, especially of the upper regions of the small intestine, has been seen in rats [26, 271 and chicks [3, 10,241, but the severe changes seen in the cecum, colon and rectum of our test dogs have not been described previously. The enteritis in the dog may be secondary to the toxic effect of ochratoxin A on the submucosal lymphoid tissues as most of the mucosal lesions were located above such affected areas. The possibility of a direct toxic effect, however, of the ochratoxin on the mucosa was not eliminated by our studies.
Necrosis of lymph nodes was prominent in the test dogs, and degenerative and necrotic changes in hematopoietic and lymphoid tissue has been described in other species poisoned by ochratoxin A, including trout [9] and chicks [lo, 241. Lymphoid necrosis is a feature of other mycotoxic diseases such as alimentary toxic aleukia in humans. This disease, caused by the consumption of cereal grains contaminated with members of the fungal genus, Fusarium, has features of enlargement and necrosis of lymph nodes and extensive destruction of bone marrow [22] . The failure to isolate pathogenic bacteria as well as the absence of bacteria in areas of necrosis suggest that lymphoid necrosis is a direct effect of the mycotoxin and not caused by intercurrent infection. The clinical, gross pathologic and microscopic alterations along with the immunization history of the dogs eliminate common canine diseases such as distemper, infectious hepatitis and leptospirosis.
Necrosis of renal tubular epithelium is a feature of ochratoxicosis in several species [9, 10, 23, 24, 271 and was seen in our dogs, where it occurred mainly in proximal and distal convoluted tubules. Renal lesions were also more severe in this region of the nephron in trout and rats [9, 271, but MUNRO et al. [23] reported that necrotic and degenerative changes involved the entire renal tubular system of rats given ochratoxin A, and PURCHASE and THERON [27] described marked tubular necrosis in the renal medulla of rats. Selective destruction by the toxin of only the epithelium of the proximal convoluted tubule is unusual, and the existence of only proximal tubule damage would not explain the hyposthenuria since the distal convoluted tubule and loop of Henle play major roles in concentrating the glomerular filtrate. Tubular dilatation was described in ochratoxicosis of rats [26, 27] and was seen by us in ochratoxicosis of swine [31] but did not occur in the test dogs.
Grossly, the livers of test dogs appeared normal. This differs from findings of ochratoxicosis in other species as changes of orange to yellow discoloration and focal hemorrhages were described in the livers of rats [26, 271, trout [9] , hens [I] and chicks [3, 10, 241 that received ochratoxin. Ochratoxin A appears more hepatotoxic in the chick and rat than in the dog; extensive focal hepatic necrosis was described in chicks by DOUPNIK and PECKHAM [lo] and in rats by PURCHASE and THERON [27] . Fatty change involving the entire liver of rats was described by VAN DER MERWE et a/. [33] but necrosis was not present.
Accumulations of glycogen in hepatocytes of rats given a single oral dose of ochratoxin A was described by PURCHASE and THERON [27] , and PITOUT [25] postulated a biochemical mechanism for the accumulation. Others have reported depletion of hepatic glycogen in rats given ochratoxin A [23, 321, and our findings suggest that glycogen depletion is a feature of ochratoxicosis in the dog also. The reason for the different results is unknown.
Attempts t o correlate changes in the activities of several serum enzymes with lesions in various tissues and organs are numerous [5, 7, 11, 12, [14] [15] [16] . It is commonly accepted that intracellular enzymes are released from cells because of damage to plasma membranes even though such damage is not detectable with the light microscope [6, 171. GRICE et al. [I21 reported that in rats given hepatotoxic and nephrotoxic compounds histologic changes preceeded the elevations of activities of various serum enzymes and isoenzymes and concluded correlation between histologic and biochemical changes depended on the mechanism of action of the toxicant. Since little is known about most mechanisms this relationship cannot be predicted. Serum enzymes, even those considered most specific for hepatic cell damage, were not increased in some dogs with detectable hepatic lesions [30] . The reason for this is unknown, but others [ 321 were unable to detect changes by histochemical techniques in several enzymes in duckling livers damage by ochratoxin A.
The mechanism of intoxication of ochratoxin A is not known. The methyl and ethyl esters were as toxic as the parent toxin [29] , but the toxicity of ochratoxin B, the dechlorinated derivative, was low [24, 26, 331 . CHU et al. [4] presented evidence that the role of the cholorine atom in the toxicity of ochratoxin A may be an indirect one because it increases the dissociation of the phenolic hydroxyl group. This group is involved in the binding between the toxin and bovine serum albumin [2] and presumably, also, in the binding between the inycotoxin and mitochondria1 and other proteins. The significance of such proposed binding is unknown but may be involved in its potent nephrotoxicity. Others have suggested that the rate of hydrolysis of ochratoxin A may partially explain its toxicity since the in vitro enzymatic hydrolysis of ochratoxin A is much slower than that of ochratoxin B [8] .
